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Objective: The pattern and distribution of arterial occlusions and stenoses in patients with critical limb ischemia
presenting at two academic medical centers was described.
Methods: From January 1998 to December 2006, 450 consecutive critical limb ischemia patients who underwent
arteriography and infrainguinal revascularization at the University of Colorado Health Sciences Center or Southern
Illinois University were retrospectively evaluated. Demographics, clinical morbidities, and Fontaine stage were recorded.
The arterial tree was categorized into three groups: the aorta and iliac arteries (A-I); the common femoral, superficial
femoral, and profunda femoral arteries (Fem); and the popliteal and tibial arteries (Pop-Tib). Arterial segments within
groups were categorized as subcritical stenoses (patent or <50% stenoses), critical stenoses (single or multiple >50%
stenoses), or occluded (segmental occlusions of any length). Patients with diabetes mellitus, end-stage renal disease, and
Fontaine stage (III vs IV) were analyzed for differing disease patterns according to their chart history.
Results:Occlusive disease was present in 5% in all arterial segments (A-I Fem Pop-Tib), in 1% in the A-I Fem group,
in 2% in the A-I Pop-Tib group, in 3% in A-I group, in 4% in the Fem group, in 30% in the Fem Pop-Tib group, and
in 55% in the Pop-Tib group. Descriptive comparisons among subgroups demonstrated a 61% to 69% prevalence of
popliteal and tibial occlusive patterns in patients with diabetes mellitus, end-stage renal disease, and Fontaine stage IV.
Furthermore, 65% of patients with Pop-Tib occlusions had associated critical stenoses in the proximal arterial groups.
Conclusion: More than half of critical limb ischemia patients undergoing infrainguinal revascularization have arterial
occlusions in the popliteal or tibial arterial segments, or both, with associated critical stenoses in the femoral arterial
segments, which is even greater in the subgroups with diabetes mellitus, end-stage renal disease, and Fontaine stage IV.
Knowledge of such occlusive patterns is important for the development of novel infrainguinal endovascular and
angiogenesis therapies for critical limb ischemia. (J Vasc Surg 2008;47:995-1000.)A consensus definition of critical limb ischemia (CLI)
has been established1; however, unlike aneurysm2,3 and
carotid disease,4 anatomic disease patterns and clear indi-
cations for revascularization have not been determined.5,6
Previous work on patterns of arterial occlusion in CLI has
focused on patients with diabetes mellitus (DM).7-12 Al-
though 60% to 70% of patients with CLI have DM,13,14 a
third do not, which limits the available database that would
fully characterize the population. A more comprehensive
description of disease location and anatomy would facilitate
the planning of clinical trials, such as angiogenesis studies,
that could use specific disease distribution information. The
evolution of new endovascular therapies will be critically
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doi:10.1016/j.jvs.2007.11.055dependent on accurate descriptions of the anatomic local-
ization of the arterial disease occlusions, particularly in the
context of new procedures to treat distal disease. Therefore,
this multicenter retrospective study was designed to de-
scribe a population set that may benefit from such research
rather than to describe and score an individual patient.
METHODS
The Human Research Institutional Review Boards at
both sites approved the study. This study was a retrospective
review of pre-revascularization angiograms of consecutive pa-
tients with CLI who underwent infrainguinal revasculariza-
tion by endovascular or open technique, or both, at one of
two tertiary vascular surgery centers, the University of Colo-
rado Health Sciences Center (University of Colorado Hospi-
tal and the Denver Veterans Affairs Medical Center) and
Southern Illinois University (Memorial Medical Center and
St. John’s Hospital), from January 1998 to December 2006.
All patients underwent infrainguinal revascularization
with or without concomitant suprainguinal interven-
tions. Critical limb ischemia was defined by TransAtlantic
InterSociety Consensus (TASC) II criteria of chronic isch-
emic rest pain, nonhealing ulceration, or gangrene1 and
appropriate hemodynamic data.
All included patients had undergone digital subtraction
angiography of the affected limb before revascularization.
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corded at the time of the study either by interventional
radiologists or vascular surgeons. Individual imaging stud-
ies were retrospectively reviewed by one of the authors
(C. A. R.) for categorization of occlusion length and to
verify inclusion of all studied arterial segments. The find-
ings were entered into an outcomes database along with
basic demographic information, medical history, and risk
factors.
The arterial tree was divided into three groupings. The
first group included the aorta and iliac arteries (A-I). The
second group included the common femoral, superficial
femoral, and profunda femoral arteries (Fem). The third
group included the popliteal and tibial arteries (Pop-Tib).
Arterial segments within groups were categorized as
subcritical stenoses, critical stenoses, or occluded. Subcriti-
cal stenosis was defined as patent or stenoses50%. Critical
stenosis was defined as single or multiple stenoses with
reduction in lumen diameter between 50% and 99%. Oc-
clusion was defined by a total obliteration of the lumen and
was further categorized by length 5 cm, 5 to 10 cm, and
10 cm. Each arterial segment was assigned the classifica-
tion of the worst lesion within that segment; for example, if
a patient had a short proximal SFA occlusion with recon-
stitution and a stenosis more distal, then the SFA was
classified as occluded despite its distal reconstitution and
stenosis. The worst segment also defined arterial groups;
for example, if the aorta was patent and the iliac artery
occluded, the AI group for that patient was considered
occluded.
Diabetes mellitus was defined as the use of hypoglyce-
mic drugs (either insulin or oral agents) or diet-controlled
diabetes noted by chart review. End-stage renal disease
(ESRD) was defined as renal failure requiring dialysis.
Chart history was used to assign Fontaine stage III or IV
and also the diagnoses of congestive heart failure (CHF),
coronary artery disease (CAD), and hypertension. Conges-
tive heart failure was defined as a diminished ejection
fraction using an imaging study such as an echocardiogram,
radionuclide imaging (thallium), or cardiac catheterization.
Coronary artery disease was defined by an abnormal stress
test (exercise or dobutamine) result or through cardiac
catheterization. Hypertension was defined as a blood pres-
sure 140/90 or normotensive with antihypertensive
medications.
Statistics. Because this study was observational in na-
ture, without a predefined hypothesis, no comparative sta-
tistics are used. Results are reported as number counts and
their appropriate percentages.
RESULTS
Demographics of the 450 CLI patients enrolled are
reported in Table I. Mean age was 66 years (12 years),
and 67% were men. The population was relatively ill: 24%
had CHF and 30% had ESRD. Other data include 72% at
Fontaine stage IV, 39% were nondiabetic, 48% had an ankle
pressure 50 mm Hg, 49% had a toe pressure 30 mm
Hg, and hemodynamic data for 3% were not known.Almost all patients (n 430) had a complete occlusion
in at least one arterial segment. The distribution of occlu-
sive lesions by arterial groups and length is summarized in
Table II. In the 450 patients, 3654 arterial segments were
analyzed and 935 (26%) had critical stenoses, 1107 (30%)
had occlusions, and 1612 (44%) had subcritical stenoses.
The tibial arteries contained 70% of occlusions, popliteal
occlusions accounted for 10% of the total, femoral occlu-
sions accounted for 15%, and iliac occlusions represented
only 4% of all occlusions.
When analyzed by length, 93% of the occlusions in the
iliac artery were short (5 cm), and 42% of femoral occlu-
sions were short (5 cm), 17% were medium (5 to 10 cm),
and 42% were long (10 cm). Most occlusions in the
popliteal artery (73%) were short (5 cm); conversely,
lesions in the tibial arteries were long (10 cm): 61% in the
anterior tibial, 69% in peroneal, and 82% in posterior tibial.
Table III reports the frequency of short (5 cm),
medium (5 to 10 cm), and long (10 cm) occlusions in
patients with all three tibial arteries occluded. Three tibial
arteries were occluded in 24% of the CLI patients, and in
67% of these, at least one tibial had a short occlusion of5
cm. Only 12% had long occlusions (10 cm) in all three
tibials. These findings were not different in the DM or ESRD
subgroups. However, 73% of all CLI patients with three tibial
arteries occluded presented with Fontaine stage IV.
Table IV summarizes the distribution of occlusions by
arterial grouping including subgroups of patients based on
DM, ESRD, and Fontaine stage. In the Pop-Tib group,
54% of the patients had occlusions, and 30% of CLI patients
had occlusions diffusely in the arterial groups below the
inguinal ligament (Fem  Pop-Tib). Only 5% of CLI
patients had occlusions in all arterial groups (A-I Fem
Pop-Tib), and 4% had occlusions in the femoral arteries
Table I. Demographics and medical comorbidities
Variable No. (%) or mean
Patients, No. 450 (100)
Age, years 66 (SD  12)
Male 302 (67)
Medical comorbidities
Coronary artery disease 289 (64)
Congestive heart failure 106 (24)
Diabetes mellitus 273 (61)
Hypertension 342 (76)
End-stage renal disease 135 (30)
CLI classification
Fontaine stage III
Ankle pressure 50 mm Hg 96 (77)
Toe pressure 30 mm Hg 22 (18)
Unknown 6 (5)
Total 124 (28)
Fontaine stage IV
Ankle pressure 50 mm Hg 121 (37)
Toe pressure 30 mm Hg 197 (60)
Unknown 8 (3)
Total 326 (72)
CLI, Critical limb ischemia.only. Three additional arterial groups (A-I  Fem, A-I 
149
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patients with occlusions. Most CLI patients with DM,
ESRD, or Fontaine IV, had occlusions in the Pop-Tib
group (63%, 69%, and 61%, respectively). Of non-DM
patients, 42% had occlusions in the Pop-Tib group, and
48% of non-ESRD patients had occlusions in the Pop-Tib
group.
Table V describes the distribution of associated critical
stenoses and subcritical stenoses in all 234 patients with
CLI with Pop-Tib occlusions and grouped by Fontaine
stage. Critical stenoses in the proximal arteries were present
in 151 patients (65%) with Pop-Tib occlusions, and 83
(35%) had subcritical stenoses in the proximal arteries.
Most patients (72%) with Pop-Tib occlusions and associ-
ated stenoses in the A-I Fem group had critical stenoses.
Most patients (84%) with Pop-Tib occlusions and associ-
ated stenoses in the Fem group had critical stenoses. There
Table II. Number and length of occlusions by artery
Artery 5 cm, No. (%) 5-10 cm
Iliac 39 (93) 1
Femoral 70 (41) 28
Popliteal 85 (73) 27
Anterior tibial 58 (24) 37
Peroneal 36 (15) 38
Posterior tibial 36 (12) 18
Total 324
Table III. Frequency of short, medium, and long occlusio
Occlusion length DM, No. (%) ESRD, No. (
5 cm 46 (70) 21 (66)
5-10 cm 14 (22) 10 (31)
10 cm 5 (8) 1 (3)
Total 65 32
CLI, critical limb ischemia; DM, diabetes mellitus; ESRD, end-stage renal d
Table IV. Distribution of occlusions in arterial groups in
Arteries DM, No. (%) Non-DM, No. (%) ESRD
A-I  Fem  Pop-Tib 8 (3) 12 (7) 2
A-I  Fem 0 (0) 4 (2) 0
A-I  Pop-Tib 4 (1) 4 (2) 2
A-I 4 (1) 11 (7) 1
Fem 12 (5) 6 (4) 4
Fem  Pop-Tib 70 (27) 61 (36) 30
Pop-Tib 164 (63) 70 (42) 87
Total 262 168
A-I, Aorta and iliac arteries; DM, diabetes mellitus; ERSD, end-stage renal
and tibial arteries.were fewer patients (37%) with Pop-Tib occlusions andassociated A-I group critical stenoses. In addition, 131
patients had diffuse infrainguinal occlusions (Fem  Pop-
Tib); of which 116 (89%) also had proximal subcritical
stenoses in the A-I group. Finally, analyzing the patterns of
proximal stenoses in patients with Pop-Tib occlusions on
the basis of Fontaine stage, DM, or ESRD either showed
no difference or had too few numbers in the subgroups to
make meaningful comparisons (Tables V, VI, and VII).
DISCUSSION
This series reviewed angiograms of patients with CLI
who subsequently underwent infrainguinal endovascular or
surgical revascularization. Patients with CLI have diffuse
arterial disease. In this series, the vast majority of patients
with CLI had occlusions in the popliteal or tibial arteries
and most also had associated occlusions or critical stenoses
in the proximal aortoiliac and femoral arteries. The percent-
. (%) 10 cm, No. (%) Total, No. (%)
2 (5) 42 (4)
) 71 (42) 169 (15)
) 4 (3) 116 (10)
) 149 (61) 244 (22)
) 165 (69) 239 (22)
243 (82) 297 (27)
634 1107
patients with all three tibial arteries occluded
Fontaine stage, No. (%)
All CLI, No. (%)III IV
14 (48) 58 (74) 72 (67)
6 (21) 16 (21) 22 (21)
9 (31) 4 (5) 13 (12)
29 78 107
.
nts with critical limb ischemia
. (%) Non-ESRD, No. (%)
Fontaine stage,
No. (%)
Total, No. (%)III IV
) 18 (6) 8 (7) 12 (4) 20 (5)
4 (1) 4 (3) 0 (0) 4 (1)
) 6 (2) 3 (2) 5 (1) 8 (2)
14 (5) 9 (7) 6 (2) 15 (3)
14 (5) 6 (5) 12 (4) 18 (4)
) 101 (33) 44 (37) 87 (28) 131 (30)
) 147 (48) 47 (39) 187 (61) 234 (54)
304 121 309 430
; Fem, femoral arteries (common, superficial, profunda); Pop-Tib, popliteal, No
(2)
(17
(23
(15
(16
(6)ns in
%)patie
, No
(1.5
(0)
(1.5
(1)
(3)
(24
(69
126age of occlusions in the Pop-Tib group was even greater in
r 50
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one-quarter of patients had occlusions in all three tibial
arteries, but two-thirds of these patients had at least one
occlusion that was relatively short.
Our series adds important data points to previous studies
and also confirms findings from those studies.7-12 In 1998,
Faglia et al8 reported that half of their patients with diabetic
foot ulcers had stenoses in the popliteal and tibial arteries only;
however, no data are provided specific to occlusions present in
these vessels. In 2002, van der Feen et al12 confirmed that
lower limb atherosclerosis in DM is more severe in distal
arteries, but this study population included patients with
and without CLI. In 2006, Diehm et al7 studied patients
with PAD undergoing endovascular treatment at various
Fontaine stages (II-IV). Their analysis demonstrated that
current smoking correlated to proximal disease, while DM
and advanced age correlated to distal disease. Finally, in
2007, Graziani et al9 studied consecutive diabetic CLI
patients with ischemic foot ulcers. They demonstrated dif-
fuse disease in the tibial arteries, most of which had occlu-
sions 10 cm.
In contrast with prior studies, this series reports on all
CLI patients, including non-DM patients; in fact, 39% of
patients in this series did not have DM. Thus, this study
Table V. Distribution of associated critical stenoses and su
with popliteal-tibial occlusions and grouped by Fontaine st
Artery
All CLI (n  234),
No. (%)
Stenoses a Subcritical b
A-I  Fem 23 (72) 9 (28) 1
A-I 33 (37) 56 (63) 1
Fem 95 (84) 18 (16) 1
Total 151 (65) 83 (35) 4
A-I, Aorta and iliac arteries; CLI, critical limb ischemia; Fem, femoral arteri
aIncludes single or multiple stenoses with a decrease in lumen diameter 5
bIncludes nondiseased arteries or stenoses with a decrease in lumen diamete
Table VI. Distribution of associated critical stenoses and
subcritical stenoses in patients with and without diabetes
mellitus who had popliteal-tibial occlusions
Artery
DM (n  164),
No. (%)
Non-DM (n  70),
No. (%)
Stenoses a Subcritical b Stenoses Subcritical
A-I  Fem 9 (33) 18 (67) 8 (62) 5 (38)
A-I 17 (29) 41 (71) 13 (50) 13 (50)
Fem 63 (80) 16 (20) 23 (74) 8 (26)
Total 89 (54) 75 (46) 44 (63) 26 (37)
A-I, Aorta and iliac arteries; DM, diabetes mellitus; Fem, femoral arteries
(common, superficial, profunda).
aIncludes single or multiple stenoses with a decrease in lumen diameter
50%.
bIncludes nondiseased arteries or stenoses with a decrease in lumen diameter
50%.describes the pattern of occlusions in CLI for non-DMpatients and for patients with ESRD as well as those with
DM. This study further reports the patterns of occlusions
by presentation in Fontaine stage III or IV. The great
majority of CLI patients with DM, ESRD, or Fontaine
stage IV have popliteal and tibial artery occlusions with
associated proximal artery stenoses. Proximal artery steno-
ses can be often treated, for the most part, with endovas-
cular techniques successfully. But most CLI patients have
occlusions of the popliteal and tibial arteries that require
more extensive revascularization with either more challeng-
ing endovascular or surgical techniques.
Weaknesses of this study include selection bias. When
CLI patients who had undergone infrainguinal revascular-
ization were chosen for the study, those who underwent
primary amputation or hospice care were excluded. It is
conceivable that those patients might have had more prox-
imal, extensive, and diffuse occlusive disease. Finally, this
study has the inherent limitations of a retrospective review.
CONCLUSIONS
Findings from this study may guide future angiogenesis
study designs. Clearly focusing the delivery of the agent at
the distal arterial tree will be critical in most patients.
Treatment with endovascular modalities of the iliac and
tical stenoses in all patients with critical limb ischemia
ntaine III (n  47),
No. (%)
Fontaine IV (n  187),
No. (%)
ses Subcritical Stenoses Subcritical
0) 0 (0) 15 (52) 14 (48)
) 4 (25) 22 (28) 57 (62)
) 2 (10) 61 (77) 18 (23)
) 6 (13) 98 (52) 89 (48)
mmon, superficial, profunda).
%.
Table VII. Distribution of associated critical stenoses
and subcritical arteries in patients with and without end-
stage renal disease who had popliteal-tibial occlusions
Artery
ESRD (n  87),
No. (%)
Non-ESRD
(n  147), No. (%)
Stenoses a Subcritical b Stenoses Subcritical
A-I  Fem 7 (63) 4 (37) 16 (59) 11 (41)
A-I 9 (30) 21 (70) 24 (42) 33 (58)
Fem 39 (85) 7 (15) 53 (84) 10 (16)
Total 55 (63) 32 (37) 93 (63) 54 (37)
A-I, Aorta and iliac arteries; ESRD, end-stage renal disease; Fem, femoral
arteries (common, superficial, profunda).
aIncludes single or multiple stenoses with a decrease in lumen diameter
50%.
bIncludes nondiseased arteries or stenoses with a decrease in lumen diameter
50%.bcri
age
Fo
Steno
0 (10
2 (75
9 (90
1 (87
es (co
0%.femoral arteries has markedly improved from a decade ago.
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sions is evolving, which is critical given the high prevalence
of disease found in these arterial segments. It was encour-
aging to see that most patients with advanced tibial disease
had at least one tibial occlusion that was short in length and
potentially more amenable to endovascular therapy. How-
ever, the tibial anatomy in CLI also demonstrates that
surgical bypass in these patients will likely always have a
role.
This study showed that more than half of patients with
CLI who are receiving an infrainguinal revascularization
procedure have arterial occlusive disease at the popliteal or
tibial arterial segments, with associated critical stenoses
involving the femoral artery segments. This trend is even
more pronounced in patients afflicted by DM, ESRD, or in
those who present with Fontaine stage IV. Selection bias
and study design likely affected these results. Future re-
search should focus on studying the global CLI population
and not just large subgroups. In addition, researchers con-
ducting angiogenesis trials and evaluating infrainguinal en-
dovascular techniques must strive to develop effective ther-
apies for popliteal and tibial artery occlusions.
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Dr Abou-Zamzam (Loma Linda, Calif). Thank you, Mr
President, members, and guests. I would like to congratulate the
authors on a nice presentation and an excellent accompanying
manuscript. The authors have provided a relatively large retrospec-
tive study on the distribution of arterial lesions in patients under-
going revascularization for critical limb ischemia. They have found
that when separating the arterial tree into these three groupings—
aortoiliac, femoral, and popliteal tibial—overall about 55% of the
patients with critical limb ischemia had occlusions isolated to the
popliteal tibial segments. This proportion was even greater, nearly
60% to 70%, in their patients with diabetes, end-stage renal disease,
and Fontaine class IV ischemia.
I have several questions for the authors, and keep in mind
some of these questions arise from the manuscript as well as from
the presentation today. The authors have collected data on occlu-
sions as well as stenoses and here they present their data primarilyissue. Could you provide us information on the combined presence
of occlusions and stenoses? It seems a little artificial to exclude
people—to say people do not have femoral disease if they really
have a stenosis of 80% to 99% and multilevel stenoses may be
hemodynamically more significant than short segment occlusions.
While the patients with popliteal tibial occlusions were free of more
proximal occlusions, were all these patients free of these high-grade
stenoses? And also, wouldn’t popliteal and tibial disease really be
multilevel? I mean it gets a little bit confusing when you talk about
single-level and multilevel disease.
Number 2, in the study of 450 patients, over 39% of the
patients did not have diabetes. Did the authors look specifically at
the patterns of disease in patients with diabetes and compare that
with the patients without diabetes, not just with occlusions but also
in regards to the stenoses?
And number 3, all these patients underwent revascularization.
Did the authors collect any information on those patients who
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amputations instead of revascularization? Are there disease patterns
that are different in these most severely affected patients?
Once again, I enjoyed the presentation and the manuscript
very much. Thanks.
Dr Rueda. Thank you, Dr Abou-Zamzam. First question, to
simplify reporting the data we decided to make the most severe
lesion the dominant lesion within the arterial segment. For exam-
ple, if the proximal SFA contained a stenosis but then the middle
SFA contained an occlusion, then we classified that artery as being
occluded. Most diseased arteries had a combination of occlusions
and stenosis, but we did not analyze all lesions within the artery.
Our purpose was to describe the anatomical location of the occlu-
sions, as they seem more relevant to the design of novel endovas-
cular or even angiogenesis trials.
Two-thirds of patients with pop-tib occlusions had associated
critical stenoses present in the proximal arterial segments. The
remaining patients with pop-tib occlusions had associated subcriti-
cal stenoses in these arterial segments. Finally, analyzing the pat-on Fontaine stage, DM, or ESRD either showed no difference or
had few numbers in the subgroups to make meaningful compari-
sons.
Second question: Approximately 40% of the nondiabetic pop-
ulation had isolated involvement of the pop-tib segment compared
with roughly 60% of our diabetic patients.
Final question: We did not collect angiogram data on patients
who underwent treatment for CLI with major amputation for
practical reasons. Some of our patients who required a primary
amputation do not have an angiogram at our institution due to the
magnitude of their foot lesion. In addition, we decided to focus on
patients who underwent revascularization procedures because
these data are part of a larger database that would be used to report
outcomes of patients undergoing bypass vs endovascular proce-
dures. Eliminating the subset of patients who underwent a primary
amputation for CLI is a problem because these patients, we sus-
pect, are different. In addition from a clinical standpoint, these
patients are the ones who are often enrolled in CLI studies because
of the lack of revascularization options. This is an interestingterns of proximal stenoses in patients with pop-tib occlusions based question that we will pursue in future endeavors.
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